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This paper describes studies of a condition of photosensitivity manifesting
itself as urticaria covering the area of skin exposed to light. The case of R. S.
has already been described in a preliminary report by Sulzberger and Baer
(1945), and the present investigation deals only with further studies on certain
physical measurements and their bearing on the etiology of the condition.8
Clinically, there is little or nothing to distinguish this case from that de-
scribed in the following paper (Blum, et al., this Journal, 7: 109, 1946)—the le-
sions appear very similar and in both cases may be elicited by short exposure to
sunlight. Here, however, the close analogy stops, for the lesions are produced
by distinctly separate regions of the spectrum, indicating that fundamentally
different photochemical processes are involved in the two cases. Moreover, in
the urticaria solare described herein, the photosensitivity can be passively
transferred to normal subjects, which is not true of the type described in the fol-
lowing paper.
EXPERIMENTAL
Wavelength dependence of the patient
The wavelengths which elicit the urticarial response were explored with an apparatus
described elsewhere by Blum and Terus (1946). The source of radiation is an inter-
mediate pressure mercury arc of known spectral emission. The dosage is controlled by
means of a photocell and integrating device which measures the ultraviolet radiant energy
delivered. The radiation reaches the skin through nine holes in a template, each 1 inch in
diameter, which can be closed one at a time at appropriate intervals so as to deliver a series
of graded doses of radiant energy.
A few seconds to minutes after the exposures have been completed, erythema
appears on the site which received the highest dose, and as time progresses
areas of lower dosage develop erythema successively in descending order of dose.
If the range of the doses has been appropriately chosen, some of the areas of
lowest dosage will fail to develop erythema; as a rule, if erythema does not
appear on a given area within ten minutes it will not appear later. If the doses
'The material in this article should be construed only as the personal opinions of the
writers and not as representing the opinion of the Navy Department officially.
'A preliminary report on this case appeared in the Journal of Invest. Dermat. 6: 345
(Dec.) 1945. (Sulzberger and Baer, Studies in Hypersensitivity to Light. I.)
'The results of the present investigation confirm and extend those previously reported
and in particular the results of the wavelength studies carried out with the collaboration of
Lt. George Rosenfeld, USNE.
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range high enough, the highest will produce wheals on the exposed area sur-
rounded by erythematous flare.
When only a trace of erythema was produced by the lowest effective dose, this
dose was taken as the threshold. When the lowest effective dose produced
distinct erythema covering the exposed area, the average of this dose and the
next lowest, was taken as the threshold. As a rule the doses increased in steps
of 25 to 33 per cent. The erythema criterion is quite sharp and the threshold
measurements could probably be made somewhat more accurate by employing
smaller increments of dosage, but in the present studies some accuracy had to
be sacrificed because of the limitations of time for the experiments.
Observations of the threshold on areas of the abdomen and back were made
for the full spectral range of the arc, and for five short wavelength cut-off filters
whose transmissions are shown in Figure 1 together with the intensities of the
lines of the mercury arc. The threshold data are presented in Table 1. In
order to cover the range of doses needed, it was necessary to use different in-
tensities of radiation, and to assume adherence to the reciprocity law (intensity
X time = a constant). The intensity was varied by interposing blackened
mesh screens in front of the arc, the transmissions of which are presented in
column 2 of the table. In practice the doses were measured in terms of responses
of the photocell, i.e. in units of energy, but to aid in calculation a constant in-
tensity has been assumed and the exposure times—corrected on this basis from
those actually measured—are presented in column 3. The threshold times,
presented in column 4, were obtained by multiplying the exposure times (column
3) by the relative intensities (column 2).
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SPECTRAL FILTE 1.1 RELATIVE INTENSITY,PEE CENT Or TOTAL
E. EXPOSURE TIME,
SECONDS
THRESROLD TIME (r X z)
SECONDS
None 0.63 10.0 0.063
CorexD 0.63 20.0 0.126
Pyrex
Window glass
Window glass
Corning 3850
Corning 3060
2.85
15.0
2.85
100.
100.
7.5
7.5
22.5
50.0
190.
0.214
1.13
0.64
50.0
>190.
No filter Corex D Pyrex Window glass Corning 3850
1.62 3.09 4.94 20.60 70.0
.11 .20 .30 .79
.96 1.54 1.95 1.50
.50 .68 .65
.32 .38 .31
.04 .04 .02
.08 .07 .04
.16 .09 .02
.05 .02
.06 .01
.34 .06
.03
.03
.04
.45 .06
.10 .01
.01
.01
.04
.04
.01
.01
Totals 5.01 6.25 8.23 22.89 70.00
through filter 3850 which transmits this line. Both filters transmit the next
important, longer wavelength mercury line, 4046A, which is apparently ineffee..
tive since no response was obtained through filter 3060. In Table 2 are shown
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As Table 1 indicates, no response was obtained through filter 3060 which does
not transmit the 3650A mercury line (Fig. 1), but a response was obtained
TABLE 1
Threshold times for varzou8 8pectral region8
1 Intensity varied by means of blackened mesh screens. 100 per cent = no screen.
Corrected for a common intensity based on the photocell response.
No response obtained with this dose.
TABLE 2
Energies delivered under threshold conditions
ENERGY DELIVERED, EROS CM. X 10$ ( n)Esrr INTENSITY X THRESHOLD TIME)
WAVELENGTH A
3650
3340
3130
3020
2967
2920
2890
2800
2750
2700
2650
2640
2602
2576
2537
2480
2463
2447
2400
2378
2352
2300
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the energies delivered by each line of the mercury arc under the pertaining
threshold conditions—the product of intensity incident after passing through the
given filter, and the threshold time (Table 1). Reference to these data shows
that the total energy that must be delivered to the skin in order to produce a
threshold response is much greater for filter 3850 than for the shorter wave-
length cut-off filters, indicating that the sensitivity is falling off rapidly at 3650A.
By a method of differences, the fraction of a threshold response and the threshold
effective energies may be calculated for various wavelength ranges. Estimates
of the threshold effective energy obtained in this way are shown in Table 3;
they are no doubt quite rough and apparent discrepancies are encountered which
make a second approximation from the existing data not worth while. Com-
parison of the estimated thresholds indicates, however, that the sensitivity of
the skin is generally high front wavelength 3130A to 3650A, and is virtuo2ty zero
beyond the latter wavelength. Thus, we may place the long wavelength limit at
approximately 3700A although it is obvious that this is not an absolute value.
Following the suggestion of Blum (1944), then, we may designate this type of
TABLE 3
Estimated threshold energies for various spectral region8
WAVELENGTHS A TERESHOLD EPSECTIVE ENERGYEROS cM.)( 10'
3650 70.0
3130—3340 3.2
3020—2800 4.6
2750—2480 1.3
2750—2300 2.4
urticaria as urticaria solare CX < 3700A) , thus indicating the spectral region
of sensitivity at least roughly. This wavelength range lies entirely in the ultra-
violet, and does not overlap that of the type of urticaria solare described in the
following paper (Blum et al., 1946) which is elicited by blue and violet light.
In Figure 2, the threshold values of Table 3 have been followed in drawing an
approximate curve for comparison with corresponding values for the erythema
of sunburn5 characteristic of normal skin.
The thresholds of patient R. S. for the urticarial response are so much greater
than those for the erythema of sunburn of normal skin that it has been necessary
to use ordinates 100 times greater for the latter in order to bring the two curves
into juxtaposition.
The patient is not only extremely sensitive to the wavelengths that produce
sunburn in normal men, but his sensitivity extends to longer wavelengths.
This is important from the standpoint of exposure to sunlight as can be seen by
X is the symbol commonly used for wavelength.
5Recent findings by Blum and Terus (1946; a, b) show that the erythema spectrum, on
which these values are based, can be accepted only as a rough approximation, but it serves
here for purposes of illustration.
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reference to Figure 2, where two curves are drawn to represent spectra of sum—
mer and winter sunlight. The sunburn producing radiation comprises only a
tiny fraction of maximal summer sunlight (something less than 0.02 per cent of
the total); and in winter virtually no sunburn producing radiation is present at
4
Wovetength, A
Fxo. 2
U, apptoximate curve representing the energies of various wavelengths required to pro-
duce a threshold response in the urticaria solare (A < 3700A) patient.
E, approximate curve representing the energies required to produce a threshold erythema
in normal skin (after Cob lentz and Stair, 1934). Note that the ordinate units are 100 times
as great for U as for E.
S.S., approximate intensities of "summer sunlight" (after Moon, 1940, for air mass 1).
W.S., approximate intensities of "winter sunlight" (after Moon, 1940, for air mass 2).
W.G., transmission of window glass.
our latitudes (see Blum, 1945). But the urticarial response in this patient is
elicited by a much larger fraction of sunlight, so that even in winter he may suffer
from relatively short exposures.
Common window glass cuts off virtually all of the wavelengths that affect
normal skin, so that normal individuals are not sunburned when behind window
glass except under the most severe conditions. Even in winter, however, win—
dow glass passes a good deal of the radiation to which this patient is susceptible
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(Figure 2). Thus he derives little protection behind ordinary windows if the
sunlight comes directly through them, whereas the normal individual is almost
completely protected under such conditions.
Evidence for the correctness of this analysis came during the course of our experiments,
which were performed in New York City in November, at which season an all-day exposure
would produce at most only a slight sunburn in normal individuals. The patient rode to
work in a bus about eight o'clock on a clear morning, and by the time he arrived he had
developed erythema of that side of his face which was exposed to the sun, even though the
window of the bus was closed.
In terms of radiant energy threshold, the sensitivity of this patient is much
greater than is characteristic of the type of urticaria solare described in the fol-
lowing paper, which is brought about by blue and violet light, wavelengths 4000A
to 5000A. Blum (1941, p. 196) has estimated that the amount of radiant energy
required to elicit that type of urticaria is an order of magnitude higher than is
TABLE 4
Threshold times for passive transfer
TIMESEOLD TIME1 RATIO TO TERESHOLD TIlSE OF PATIENT
rILTER
Subject L Subject S Subject L
41.
Subject S
None 2.6
CorexD 5.25 5.25 42. 42.
Pyrex
Window glass
3850
6.4
37.5
600.
6.0
35.0
750.
30.
43.
12.
28.
40.
15.
Corrected on same basis as instable 1.
required to produce the erythema of sunburn; whereas, as has just been shown,
the type of urticaria described in this paper is elicited by doses about two orders
of magnitude less than sunburn. However, sunlight is much richer in wave-
lengths between 4000A and 5000A than in those shorter than 3700A, so that the
difference in the time of exposure necessary to produce a response in the two cases
is much less than would be expected from a comparison of the thresholds.
Wavelength sensitivity of the passive transfer
Injection of small quantities of the serum from the patient into the skin of
normal subjects renders the immediate area of injection sensitive to ultraviolet
radiation, exposure causing whealing similar to that observed in the patient
(Passive transfer of the sensitivity—Sulzberger and Baer, Journal Invest.
Dermat. 1946). The wavelengths which elicit these wheals were studied in two
subjects who had received such injections at several points on their forearms.
Since exposures to series of doses were not feasible, single doses were chosen
for each filter which had about the same relative values with respect to each
other as represented by threshold times indicated in Table 1. The doses are
shown in Table 4, where the ratios of these doses to the corresponding threshold
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times for the patient are also shown. As had been anticipated, all these doses
produced about the same intensity of response, except for those through filter
3850 which had been estimated somewhat too low, and gave correspondingly
less severe responses. Thus it may be concluded that the wheals are produced
on the areas of passive transfer by the same wavelengths that elicit the urticarial re-
sponse in the patient R. S.
The wavelengths which produce a given photopathological response are de-
termined primarily by the absorption spectrum of some substance in the skin
which acts as the light absorber (Blum, 1941, 1944). The above experiment in-
dicates that the light absorber which is constantly present in the patient's skin,
and the light absorbers in the area of normal skin photosensitized by passive trans-
fer have the same absorption spectra, and, therefore, are presumably identical.
Proteins are to be suspected in the role of light absorber, since tmconjugated
proteins absorb radiation in this same general spectral region, and are probably
the light absorbers in sunburn and other destructive effects of ultraviolet radia-
tion (Bluni, 1943, 1945). Moreover, the possibility that the light absorber is
an antibody must be entertained. lJnconjugated proteins absorb relatively
little of the longer wavelengths between 3200A and 3700A to which the patient
is sensitive, suggesting that protein is not the light absorber in this disease. It
must be recalled, however, that the ordinates are relative, and that absorption
by the protein does not stop abruptly at a given wavelength, but probably
extends out to the limits of the urticaria solare spectrum. Thus the possibility
that the light absorber is a protein cannot be entirely eliminated. If the light
absorber is a protein, however, it probably absorbs somewhat longer wave-
lengths than the protein of normal blood serum. The absorption spectrum of
the patient's blood serum should be examined to determine whether any sub-
stance present therein, protein or other, absorbs more strongly in the region
3200A to 3600A than does normal blood serum.
OTHER CASES
Abramson (1940) has described a case of urticaria solare probably identical
in type with that described herein, which he states was sensitive to wavelengths
about 3700A and shorter. His suggestion that the photosensitivity involves
the pigment mechanism is no doubt incorrect, since neither pigment production
or pigment darkening has this wave length limit (see Blum, 1945). Abramson
does not mention attempts at passive transfer. Rajka (1942) has described a
case in which passive transfer of the photosensitivity was accomplished, which
may be of the type described herein, but his wavelength measurements are
difficult to interpret. Prieto (1942) has described another case in which passive
transfer was possible, but the wavelength limits were not established. Bein-
hauer's (1925) case may have been of this type; he could not elicit the lesions
with mercury arc radiation through window glass, but his dosage may not have
been high enough. In Schmidt-La Baume's (1929), and Weiss' (1932) cases,
the photosensitivity seems to have been confined to the ultraviolet, but the
lesions did not appear until some hours after the exposure, and one is led to sus-
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pect that the sunburn mechanism was more directly involved in these cases
(see Blum, 1941, P. 209).
Based on these and previous studies at least two types of urticaria solare have
been clearly distinguished—urticaria solare (A < 3700A) described herein, and
urticaria solare (A 4000—5000A) described in the following paper. Descriptions
to be found in the literature make it quite clear that still other types exist, for
example, Watkins (1943) has described a case in which nonconfluent wheals
were caused by infrared radiation. It appears that we deal here with a syn-
drome—formation of urticarial wheals as a result of exposure to radiation—
which may have several etiologies; for each different spectral sensitivity repre-
sents a different light-absorbing substance, and hence a different etiology.
Hence, wherever possible, wavelength limits should be established when such
cases are available for study.
SUMMARY
Wavelength studies on a case of urticaria solare show that it is produced only
by wavelengths shorter than about 3700A. This condition may be appropri-
ately designated urticaria solare (A < 3700A), and should be regarded as a dis-
tinct etiological entity.
Photosensitivity induced locally in normal skin by injection of the patient's
serum (passive transfer), has the same wavelength limit, and it may be assumed
that the light absorber is the same in the two cases.
The bearing of these observations on explanations of the mechanism of such
photosensitivity is discussed.
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